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1. AUTI;7RITY. Lcttcr, SrJ=I-VA, ii adquaLCers, Rocky Mountain Arsenal, 2
- arclh 1976, subject: Request Cor Assit.tanca on DeterminatIon of a
Cincent:.tLion Profile In and Around the R.U\ }lydrazinc Yacility.

2. fRLMALCLS. See Appendix A for lsting o( rcferences.

3. ABfRlWVIATIONS. A glossary of technical terms and abbreviations is
included as Appendix D.

4. PURPOSE.

a. To determine worker exposure to hydrazine and UDM|I as well as general
work artua at1nospheric levels.

b. To determine hydrazine and UDMII concentrations within close proximity
of the facility.

5. BACKGROUND.

a. Activity at the facility consisted of transferring hydrazine and UDI-14
from storage vessels into rail tank cars, 55-qallon drums, or truck tankers.
All hydrazine and UDMIi was brought in by railroad tank cars or truck tanks
and transferred into the storage facilities. Blending of aj.)pxoximately 50
percent hydrazine and 50 percent UDMH was accomplished at the facility to
forml Aerozine 50. This mixture was then placed in either railroad tank cars,
55-gallon drums, or truck trailers for shiplment.

b. Two surveys of the facility were made. The first survey was
conducted during 113-22 October 197G. As a result of the initial visit, it
was apparent that the possibility of excer.',ivo exposure to pcronnel existed
at the facility. It was also noted that several operational discrepancies
existed at thie facility. This information and reconunendations, based on

SUse of tracdemarked names does not imply endorsoment by
the US Army, but is used only to ans it in i,'icnt -ficatjolln
of a spccific product.
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o~bservations and I~mited data, ware prcoscntcd to the MIIA command clement
during the exit briefing. At that time it was aclreed that further evaluation
-as necessary. The second visit (17-21 January 1977) was made to further,

Wnd in more detail, document workcr exposure and environmental contamination
an1d to evaluatc the effectiveness of implewenting the rccommendations made
dluring the installation exit interview concerning facility operation.

c. The existing allowable time-weighted average concentration of
hydrazine Ubove which personnel should not be exposed is 1 ppm or 1.3 mg/AI 3

[rufcr to 29 CFPR 1910.1000(a)]. Hydrazinc is listed as an industrial
substance suspected of carcinogenic potential in man (reference 2, Appendix
A). The current TLVQ) for hydrazine is also 1 ppm or 1.3 mg/r13 ; however, it
has been proposed by the ACGIII that the value be lowered to 0.1 pp)m. The
TLV9 for 1,1-Dimethylhydrazine (UDMII) is 0.5 ppm, which is also the allowablc
time-weighted average concentration Erefer to 29 CFR 1910.1000(a)]. The
median concentration for detection by odor is 3-4 ppm for hydrazine and 6-14
ppm for UDMI1.

d. This survey constituted an evaluation of thl operation as it pertains
to the field oi industrialo hygiee. This survey should not be construed as
at i OSHA inspection; however, the criteria used for the basis of this
assessment are equal to or more stringent than those contained in the
Occupational Safety and Health Act. Operation evaluations were based oin
obaervations of the survey personnel during the course of the study and on
conversations with operating and supervisory personnel.

e. Samples collected and analyzed by the US~i' on 19-20 July 1976
d* caLte the V10L' emlc of ND:MA in the az.iunt air nuar thu U.IZM11 storage tanks

the east storage area and near the rail tan) car unloading area (reference
5, Ap(nicdix A). NDMA is coisaidcred cu cinorlenic ana should this comlpound be
identified in the work area, significant operational restraints would be
equired (r"efer to 29 CVI( 1910..01G). At the pres•nt t•ime an acceptable

method of collecLion and analysis for NIDMA in the work environmioent is not
available to this Agency. This information was presented to the RMA'commanr,
element during the 21 January 1977 exit briefing. At that time it was agreed
that WM'A would contact the USAF and determine if the method utilized during
thciz July 1976 survey was adaptable to work area and personnel sampling.

@ TLV - Threshold Limit V'lue (TLV) refers to airborne concentrations of
substances and represents conditions under which it is- believed that nearly
all workers may be repeatedly exposed day after day without adverse eftect.
TLV refers to time-weighted concentrations for a 7- or 8-hour workday and
40-hour workweek (ACGIII).

2
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W tI.THlODS AND PBOCEDURES.

a . The analytical scheme used far this stuidy cons.is ted of trapp1-inq. tho
hydraz-nes on i 13o01) coatcd silica gel contained in a glasýw ,•amplinc; tube.
The hiydratine 11 So complex was then elutcd as an aqueous solution. The
addition of l-f(iraldehyd6 in 0.5 M sodium acetate allowed the formation of a
hydrazinc which, in turn, was extracted into uthylacetate and anallyzcd by gas
chromatography. Field samples were then compared with prepared standards.

b. MSAWW, Model G, personnel pumps were used to collect the samples.
Sampling rates through the silica gel tubes were approximately 1 liter per
minute and sNnple volumes of at least 30 liters were collected.

c. A NSA protective mask, similar to those used by the operating
personnel, was modified to allow sample collection within the mask. The mask
was Lested to insure that integrity was maintained after the addition of the
"Xmpling part. Personnel pumps were placed on operating individuals and
samples were obtained simultaneously from within the mask and from the area
outside the mask.

d. It was noted, during the October 197G survey, that at specific
operation- the M9AI, Chemical-biological, Spccial Purposc: Gas :4azk with the
•4-ll canister was utilized. As a result of these oib!crvations, aln M9AI gas
inasl; was modified to allow an atmospheric sample to be withdrawn from inside

pl:otec:ti.vu mask. S.ixmultan~ouu:; saples wo:e taken frum insi.do the m,;k
fl:om the al'na directly ou'V:id( the mask.

a. Appendix C indicates the approximate location of the uampling uites.

7. FINDINGS AND DISCUSSION.

a. The drum filling operation consisted of placing a drum on the scales
located inl the Drum Load Station. A dual inlet filling head was then screwed
into the large bung of the 55-gallon container. Hlydrazine or UD1411 transfer
lines were attached using quick connect couplings to one side of the filling
head. The other inlet was connected to the N line. The drum was filled
with N2 prior to the filling operation. After the nitrogen purge, the fuel;
hydrazine, UDMH, or Aerozine 50, was added until the desired weight was

0 MSA is the registered trademark of Mine Safety Appliances Company, 400 Penn
Center Boulevard, Pittsburgh, PA 15235.

mm3



Inid Hygiene Sp Study No. 35-0101-77, 18-22 Oct 76, 17-21 Jan '7

wo'ined. A ritroqcn blanlzct, war added, the fillinq hicae; removed, and the
btintj t~ic ,1htcned. Tho top of the drum was washcd with water to rcemove residual
hydriunine or IhI.A forklift was then used to move the drum to the storage
ai,-a. The time roquircd to fill ax drumli Varied froml 10 to 20 m~inutc,"..
Personinel performring the drumming operaltiýon woro thle followiic. personal
potoc tjve equjipmniit. rubboŽr gloves, rubbor aprons , rulbber boots , and at1,,A

UltravlW facopioce protective mask- With a rocket propellant canisto:, W.h5Al.
(C~omil 11t - Neoi. hcr thu US Bureau of Mines or MESA/N1o1;1! have es;tn..l~ished
]M'rfolm11ance 1r quiralliC lts for testing and certifying this type of ( qaF; 1mar~k
systemn). The operator of thle forklift; woroe a M9Al gas rmAsk when transporting
thle druia.

b. Mheni filling rail tank cars or trailer tanks, a znovea)A6, flexible
tranofer line with a flanged connection was attached to the inlet of the
tanker. Thle same purge, fill, and nitrogen blanket cycle was utilized during
th , loading operation. After making the connection aiid starting the fill
o'xw-,-Ltion, personnel exit the area. It was observed that approximately 30
minutes is required to connect or disconnect the tank, cars. During the
October survey it was noted that personnel wore either the MSA or the M9Al
protective mafsk. During the October exit interview, it was recomnmendedl that
all operating personnel wear the MSA% protective mask when porforming filling
operations because of the larger sorbant (charcoal) capacity. This
g-ccmmendation had been implemented and was verifio-d by obserVations: during
the January survey. It was noted durinq the Jainuary survey that mitintenance

~oianc1 were Utilizing tho : -,97\ 1rotoctive miask %when performning repair onl

W equiprmont. Concern'over thle use of this cu(Lopmant wus expressed by the
i~a~nenaoper.sionnul, and as a result, 3aasaplces were takeni inside And outstde

the protective imask during a repair operation. Tcedata are pres~ented in
Aj.ppndix D. It w-.as rcp~oitcd by the maintonance personncl tha-t thle odor of
hiy6ra.;iiie was present insideo the protective mauk. Samples withdrawn f)-om
inside the inask indicated the levels were less thani 0.001 ppmi. However, this
is an integrated sample over the 23-minute sampling period and a lvak around
the face seal could allow concentrations at or above the odor threshold of
hydraa.,ine or UW1I! to occur for very short periods of time. The integrated
sasiple indicated the time-weighted average exposure was well below the
acceptable concentration. There was no -evidence of the M-11. canister
breaking throuigh. CCoinmenlt. the M-11 canister has been shown to have a
service life of 2G minutes% when challenged with a concentration of '1 8 mg].
liter (or appiroximately 4000 mg/M 3 ) of hydrazino (anhydrous) at a fow rate
of 32 liters/minutet].

t Ekdgcwood Arsenal Special Publicati.on, Robinson, D., EASP 1800-10, "Sun.-nary
of Protection Provided by Military Masks Against Various Military and
4oinmilitary Agents" (,January 1973)
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9ic. During the October survey tw¢o hydrazine transfer pumps were observed
g and a -uck of maintenance on equipment was apparcnt. Mhen hydrazine

oporations were being conducted, the odor of hydrazine or UDMII was noted
out.side the general work area. A similar odor was noted in the work area
when operations were not being conducted. No respiratory protective
equipnicnt was utiliz'd by. operating personnel when enterinq the work area
wlihen operations were not being conducted and only those personnel performing
the op•rations wore respiratcry protection when filling was occurrinu. This
information and rocolucndations for d eve loping SOP were made dur inq the
October exit interview. During the January survey a significant improveinent
in the maintenance of the equipment was noted. The lcaking pumps had been
repaired and new transfer hoses had been installed. SOP which included the
wear'ing oE respiratory protective equipment when entering the work area were
being observed. The. work area was defined by establishing a line inside
which all personnel would wear a mask. Additional sampling conducted in
January substantiated the fact that concentrations. exceeding the TLV could be
found in the work area when there were no operations beinq conducted (see
Appendix D). flowevre, no significant concentrations outside the established
workar-a or masklinc were noted during routine operations.

d. Results of general area atmospheric samples are presented in Appendix
D. The data indicates that atmospheric samples taken in January at the same
locations wore lower than those collected in October. This indicates that
the repairs made were effective in reducing the concentration in the work
area. During the October survey samples taken at the perimeter indicated the

once of UDI3 or hydrazine. Samples taken during the January survey did
Windicate the presence of these compounds at the perimeter; however,
different meterological conditions would be expected to affect the
concentrations.

e. Results of the personnel samples are presented in Appendix E. This
dawa shows the atmospheric concentrations outside and inside the prote'ctive
masks during various operations. These data indicate the atmospheric
concentration is greatest outside the mask when druiming operations are being
conducted. One sample collected from with-in the mask indicated the
concentration in the mask was 0.03 ppm UDIU,4, although this is below the TLV
it indicates the face seal on the mask wa" broken. All other c;n]plcs were
well below the allowable exposure limit.

f. Personnel employed at the facility expressed concern about the
quality of the medical examinations provided, and it was apparent that the
emp•loyees had not been sufficiently oriented to the hazards associated with
h-drazine and UDM1I.
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8. RECOMMra;DATI0ONS.

a. A routine monitoring program should be established to deter, ine and
document the abnosphcric concentrations of hydrazine and UDMH in the work
area at various distances from the work area to includc the hydrazine
facility perimater. This should be accomplished under various iiieterologic-l-
conditions and operating parameters. This program should be established as
expeditiously as possible. This recommendation was presented to the RLMA
command element during the January exit briefing (refer to paragraph 5b and
29 CVR 1960, Safety and Health Provisions for Federal Employees).

b. Provide a MSA protective mask with a M15Al, rocket propellant
canister (NSN-4240-00-902-5516) to all 'maintenance personnel for use when
working in the area. Insure all personnel who enter the work area are
wearing respiratory protective devices. This recommendation was presented to
the RPMA comrand element during the January exit interview (refer to paragraph
7a).

c. Routine preventive maintenance procedures should be developed and
implemented for equipment used at the facility (ref er to paragraph 7c).

d. Determine the feasibility of using the USAF method of determining the
presence and or concentration of NDMA at the transfer facility. If NUMA is
identified, a reevaluation of the facility will be required to insure
compliance with OSI{A regulations. This information was discussed during the
January exit interview. (refer to paragraph 5e and 29 CFR 1910.1016).

a. Provide pertinent medical examinations to all employees potentially
posed to hydrazine or UDIhI. This oxamination should include the following-

SGOT, SGPT, Alk Phosph, CBC, BUN, Creatinine, GGTP, UA, and EEG (reference 4,
Appendix A). In addition chest x-rays (PA and lateral) should be taken with
each medical examination. Because of the potential carcinogenicity of
hydrazine and UDMU, the additional following examinations are recommended:
LDO, sputum cytology, and urine cytology. Each individual required to wear a
respiratory protective device should receive a pertinent medical examination
prior to issuance of the device. This evaluation should include an
assessment of the individual's ability to use such devices when performing
normal duties. The individual's health status should also be reviewed
periodically to assess both the continued ability to wear respiratory
protective devices and to ensure that the individual has not been adversely
affected by exposure to toxic substances. The frequency of the examinations
should be established by the local physician. Recommended frequency of
examination is annually for thoses exposed less than 10 years and
semi-annually thereafter.

f. All employees who are potentially exposed to hydrazine or IUDMII should
receive instruction as to the hazards associated with the compounds. This
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*cntation should include information on the acute and chronic physiological
effects of exposure to hydrazine *and UDMII (refer to 7f).

g. Long-range plans to improve the facility and implement enqineering
controls to control the release of hydrazine and UDMH should be developed [29
C 1910.134(a)].

9. GE'NERAL. Implementation of the recommendations of this report is
essential to provide adequate industrial hygiene controls for protecting the
health of the workers at the operation. In addition, the medical facility
providing occupational health services should use the findings of this report
to inuzuro that workers with potentially hazardous exposures are provided
pertinent medical monitoring examinations.

10. TIECHNICAL ASSISTANCE. Should the' USAF method for collection and
analysis of NDMA be unacceptable, additional assistantce will be provided upon
request. In accordance with paragcraph 1-5, AR 40-5, Health and Environment,
25 Septemiber 1974, requests for further services should be directed through
appropriate channels to Commander, USA Health Services Command, ATTN:
IISPA-H, Ft Sam Houston, TX 78234.

LARY-R. COOK.
O ~Indust-'ial llyc'iuinis t

Industrial hygiene Division

WOBERT E. GLENN
MAJ, MSC
Environmental Science Officer
Industrial Hygiene Division

APPROVED:

IKENNETH1 W. VORI1AHiL
MAJ, MSC
Chief, Industrial Hlygiene Division

JAMES A. HATHAWAY, M.D.
LTC, MC
Director, Occupational and

EnvironantLal eal th
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APPENDIX A

REFI:"W.NCLS

1. Title 29, Code of Fededal Regulations (CFR), 1976 ed., Part 1910,
Occupational Safety and Health Standards.

2. Title 29, Code of Federal Regulations (Clr), 1976 ed., Part 1960, Safety
and llealth Provisions for Federal 1Eployees.

3. American Conference of Governmental Industrial Hlygienists, TLVs®D
Threshold Limit Values for Chemical Substances and Physical Agents in the
Workroom Environwent with Intended Changes for 1976.

4. USALIIA, Medical Surveillance Guide (Guide for Job RPelated Examinations),
January 1975 with Appendix G, Reco;mendations for Periodic Job R<elated
Examinations for Selected Occupations - April 1975.

5. Letter, SFQT, lleadquarters, San Antonio Air Logistics Center (AFLC),
Kelly Air Force Base, Texas, 13 October 1976, subject: NDMA Analysis at RMA.

4
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O ~APPE•JDIX fl

GLOSSARY OF TECHNICAL TErRS AND ABBREVIATIONS

Alk Phosph Alkaline Phosphatatsc
ACGI]I Anerican Conferrmec of Governmental

Industrial HIygienists
BUN Blood Ur.ea Nitrogen
CBC Complete Blood Count
BEG Elactrocncephalogram
GGTP Garma Glutamyl Transpuptidase
HISO4 Sulfuric Acid

Lactic Dehydrogenase
Molar

HESA Mine i.nforcement Safety Administration
Img milligrams
2ug/M 3  milligrams of contaminant per cubic meter of air
N Nitrogen
IMA N-nitrosodimethylamine
ND None detected
NIOSII National Institute for Occupational Safety and Health
OSIIA Occupational Safety and Health Administration
PA Posteroanterior

11 Parts por million
Rock Mountain Arsenal

* Serum Glutamic Oxaloacetic Transaminase
SGPT Serum Glutwmic Pyruvic TranEiminase
SOP Standing Operating Procedures
UA Urinalysis, including microscopic examination
UDMII Unsymmetrical dime thylhyd-azine
USAE-HA .US Army Envirornncntal Hygiene Agency
USAF United 9tates Air Force

O B-1
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AtUo spheric
Concentration

(ppm)
Location Operation Hydrazine UfMIl Comment:

Near truck tank do 0.41 19 Oct 76, afternoon,

slight breeze from
Near eye lavage (10) do"' 0.87 NE approximately 5 triph

temperature 480F

Sft cast of do 1.66
Drum Load Station (5)

3 ft from fill nozzle in do 0.96
Drum Load Station (5)

7 ft south of do 0.55
Drum Load Station (3)

3 ft from fill nozzle in do ND 20 Oct 76, morning wind from
Drtuim Load Station (5) south-southeast at

approximately 7 mph
temperature 3901-F

15 ft NE of Drum do 0.004
(I .tation (4)

01on L ."in do 0.771
HouUe Vanel (8)

E'ast R~ailcar do 0.46
I.illing Station (9)

North railsiding do 0.03
ft from fence (10)

West end Storage do ND
Tank US-i (11)

East end Storage do ND
Tankz US-I (12)

Tank CS-I Storage Filling railcar ND ND

Area (13) with Aerozine 50

do do ND ND

North perimeter do 0.03 0.06
fence, 5 ft elev (14)

D-2
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Conc.lntr ation

Location Operation Ily .ra'.iCo IDM}I Comment

do do ND ND

do do ND 0.01

West side railroad do ND ND

track (17)

North of railcar (18); do ND ND
east side railroad
track (19)

15 ft NE of Drum do 0.04 0.21
Load Station (14)

NE of Blend Metering do <0.01 0.02
house (9) near
railroad car

Blond Meter do 0.30 0.25
so Control

lel (8)

100 ft east of do ND ND 21 Oct 76

Bland Mteuring
House (24)

Fence near do 0.005 0.0004
north gate (15)

Top of railroad do ND 0.004
loading platform (9)

Near safety do 0.04 0.08
shower (10)

Near center do 0.005 0.034
pump (20)

Near center pump do 0.003 0.068
switch control (20)

SW corner of cast do 0.002 0.062
tank car louad
stLationl (9)

0 @•,d 1outc•ig llouue rilling tunk car 0.19 0.19
Caiitrol Panel (8)

D-3
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At mu .,lc r i c
ConccntL a tLion

(pp~m)

Location Opcrat on ]lvdrizinc Uf)lMI Co-wicl't

1o'th :idc of lilend Cleaning filter 0.23 0.54 20 Oct 76,
I-letcr'inI llouse nenar on fccdlincs
railr'oad track:; (21)
Near eye lavage (4) do . 0.05 0.15 Wlind from thc Cast

approximately 6 mph
te"pecrature 59'F

West of Ilond Metering do 0.23 0.33
1lousc (22)

Bland Motering House do 0.64 1.01
Control Panel (8)

Top of Blend do 0.10 0.39
Metoring House (8)

Truck Tank do <0.01 0.057
r t (0)

of Blend do .0.011 0.068
Muel.ting House (23)

Last Storage Aren Filling tank car ND ND 21 Oct 76
near eye lavage (24)

Near control stand (25) do ND ND

West fenca near do ND ND
gate (26)

South fence near do ND ND
gate (27)

Loading truck 18 Jan 1977
Near truck tank tankers with Winds S-SW
icading platform (29) Aerozine 50 ND ND 5 mph

Blend Metering
hlouse (8) do <0.01 <0.001

Nenr truck tank do ND <0.001 do
loadljiq p~latforin (G)

(I Valve ncnr do <0.01 0.02 do
sility eniqrance (30)
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(ppli')
,•NcMl i o1' OperaollA1 tIimma n DI Commelf ti

"•ink Cr-2. jtorage do ND ND
,". (13)

ear gate east do ND ND
S railroad (31)

pproximately 30 feet
U of fill nozzle (32) do ND ND Winds west 10 mph, Temp 40OF

E corner of Bldg do ND ND
o. 760 (33)

;E corner of truck do ND ND
-ank oad area (34)

-3, cornor of truck do <0.01 ND
ank load area on
-ellow mask line (35)

tank loading do <0.01 ND
%'Wippor Level (29)

IE cornnex of drum do 0.02 ND
iardstand (36)

; cornor of drum do <0.01 ND
iardstzind (37)

Near N tank (38) do ND ND
2

4ear Bldg 755 No operation <0.01 ND Backgcround samples
(7) 19 Jan 77

1lenId Moetcring do 0.42 0.03
louse (U)

!,,W Corver of do <0.01 ND
."Iunfc (39)

lear 3lend do dc do
4-- 0teriny house (6)

11ldy No. 761 (6) do do do

T .k tanI loading do do do

D-S



114d Hy•ji.ento S;p Study No. 35-010.-77, 18-?22 Oct 76, 17-23. Jan 77

Atmospheric
Concentration

(ppm)
Location lHydrazine UDMIT Comment

SW corner of do do do
fence (40)

SW corner of do do do
waste sump (41)

Truck tank loading Drumming 20 Jan 1977, Morning
ramlp (29) hydrazino <0.01 wind calm 40(F

7 ft south of Drum do 0.39
Load Station (3)

7 ft South of Drum do 0.10 Bubbler method results
Load Station (3)

3 ft from fill do 0.25
nozzle in Drum Load
Station (5)

t south of do 0,01
no:zzle (42)

IS ft south of fill do 0.24 Bubbl.cr mcthod reo;ults
nozzlo (42) 20 Jan 1977, afteornoon

7 ft south of Drum do ND
Load Station (3)

3 ft from fill do <0.001
nozzle in Drum
Load Station (5)

I.5 ft Couth of do <0.001
Fill nozzle (42)

15 ft south of do 0.03 Bubble.r results
fill n1ozzle (42)

7 ft south of do 0.02 ........ fBubblor re'sults
Drum Load Station (3)

Appi:oxiimatoly 20' Maintenance 0.073 ND Wind calm Tcmp 40°F
Nor"th of Operation Operation

1)Equipil~int



Sp S Jtudy No. 35-0101-77, 1fl-22 Oct. 76, 17-2. Jan 77

T AtmnoL;)hcr•iC

Concecn ia •ion

Location Operation dlyd:azilie UDMI Comment

Appr'oximately 20' do 0.022 ND Maintenance porformad by

NJ. of lBlenid Metering maintenance pe'son|c]
1lousc (19)using WIC MO gaL mash

with the M-11 cartridge.

Approximately 60' do 0.1.9 0.35
NE of 110L1d Metering
nlouse (43)

3 f t from fill Transfer of 0.05 0.11 21 Jan 1977, afternoon

nozzle in Drum Acrozino
Load Station (5) to naw drums

do do <0.001 ND Bubbler sample

Noar oye lavage (10) do ND ND

40 ft North of do ND ND
Bldg No. 759 (43)

IsFL t:il h cl do 0.04 NJ)
Ji ll |•:'l (.12)

(40 do 0.014 ND Bubbler sample

Front of Bldg No. 759 do <0.001 ND

* D-7



:•A |Iyc13.4W -2p ,tudy Io. 35-C101-77 18-.22 Oct 76, 17-2] Jan "7

APPIENDIX r.

RESUv"'S OF ATMOSPEIO~iEi C SAMPLES
PEIRSONNEL

-- ABLE 2. RESULTS, 18-22 OCTO3BEA 1976

Concent'ation

oncrtion Operation Hydrazino UN' I)I Comment

_ utsido MSA Loading Truck 0.22 0.14 Simultaneous sample duriny
,ask Trailer with operation

Aorozine 50

I nsido MSA do ND ND Simultaneous sample during
,ask connection and disconnection

operation

)utsida MSA Drumming 1.15
4ask hydrazino

nnae MSA Mask do ND Simultaneous samples taken
U 0on operators

)utside MSA Mask do 1.64

Inside MSA Mask do ND

)utsido MSA Mask do 0.22

Inside MSA Mask do <0.001

Outside MSA Mask do 1.98

Inside MSA Mask do ND

Inside M-9 Replacing gasket - ND
Mask . in a txansfer Simultaneous sallples taken

Sline on maintenance personnel.

out!;ide M-9 Mask do 1.10

In:iidco M-9 Mask do <0.001

Outsidoe 1ISA Mask Transfer of 0.71 1.71 Simultaneous samples
Aerozine 50 token on operators

Sc MSA Mask do <0.001 ND



Co C, II. .I

Mum 1X4," pnLtevt. I

do0 do lID TIVI41 the~ r(l t ,%. y
)Iro 'Le I VO ('tkl jýI I'

do do 3.4(. Out- 11,-. Ltim r*~ ' ,-iy' .

do do 0.45 Outnirto the rritiir.anLry

pt~roteLive 4r'ju il'' 1 1
do dlo No ronsidn the renpirafry

proteticve equipmnrcL

do do 0.5C, Outpido Oiu ren I,' -Lory
protrctlive u

do do lID ?nniIo the redpi ~rAtoL-y I
I proLUCItiVe I'qtip'leiIL

do do 4.61 nutirIro the r I rtt orly

do .. do 0.02 Tuirnde the icrrp u~itotoy
jrotaocliv .cp, Uqij~en I

do do 2.95. Outsideo the "anp lotorY
prcrtcct~i vr erluinc.. 1

do do N D Insider thi@ rusiratnty

PiotcDtivo orqu44niat J
2, Ct mouth Clualling filter 1.6 1.61 OitIs~do tho reftpirAtrWI' 1
oa Ltohe~iip'~tL Men etttglij4nCtt.

ss

ado do No ul niro the o13,41.r ttpr V~tr

H2prtec~tuive' earkuln

Drumctvi Loadm#ii

SIldq 702 &2tuuWitW UCHit 0.23 Otitnidt, the rerci.rntory

StAtion .poo~v t~ir~#

do ID Miuildo thec rcirpi rntory

do 0.36 Out-nid. the r -,.Ianiry
paotecL tvi VqO thU I 4Ctt 1

doND 11italc the re~pi tntItry
I)V tei. a .1yVu 4ajtI 4"1:1

Wikcar NOD HD itnfialt the to1.0i V1,t lrly I
proLactivat eqkt iAlOflL

,usl - iigultalua'out' SuMi'Iw,


